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DECREASE IN RECIPROCAL
FAIRNESS FEELING OF PATIENTS
WITH POLYDIPSIC
SCHIZOPHRENIA

Dear Editor:
Polydipsia can lead to episodic

life-threatening water intoxication
and is a serious problem in many
patients with chronic schizophrenia.1

Although multiple factors have been
implicated,2 the reason why
polydipsic-related overhydration
behavior is repeated in some
patients with schizophrenia remains
unclear. Game theoretical modeling
may offer a new tool for investigating
behavioral impairments in patients
with polydipsic schizophrenia.
Ultimatum bargaining, or the

Ultimatum Game, is a game theory in
experimental economics that
explores the rationality of people in
the real world.3 The game is played
by two people: a proposer and a
responder. The proposer offers to
split something (e.g., money) in
uneven terms where the proposer
will always receive a greater amount
than the responder. The responder
can either accept or reject the
proposal. No bargaining is allowed. If
the responder accepts the proposal,
then whatever item is being
bargained is split accordingly
between the two individuals. If the
responder rejects the proposal,
neither player gets anything. The
theory is that a rational responder
would recognize that accepting any
amount over zero of whatever is
being bargained is better than
receiving nothing, which is what
would occur if the responder rejects
the offer. However, responders often
reject their bargaining partner’s
offers if they feel it is unfair to them.
In general, real-world responders

usually accept take-it-or-leave-it
offers that are higher than 40
percent of the total bargained item,
and about half of all responders
reject offers below 30 percent of the
total.4

We utilized the Ultimatum Game
to evaluate the reciprocal fairness
feeling in five patients with
polydipsic schizophrenia who gave
their consent to participate.
Participants consisted of two female
and three male patients, aged 46 to
68 years old. The setting of our
study was quite simple. The game
was carried out by a proposer (a
medical staff member) and a
responder (each of the five
patients). The staff member first
made a proposal about how to split
3,000mL of water between the two
of them. The patient could accept or
reject the proposal without
negotiation. If the patient accepted,
the proposed split of water was
distributed accordingly between the
staff member and the patient. If the
proposal was rejected by the patient,
neither the staff member or the
patient received any of the water. 
The results were as follows and

expressed as the mean±standard
deviation (SD): Each of the five
patients accepted, with pleasure, the
proposal of receiving 22.0±4.0
percent of the total 3,000mL of
water; they reluctantly accepted the
proposal of receiving 15.0±3.2
percent of the total water; and they
rejected, with righteous indignation,
the proposal of receiving 8.0±2.5
percent of the total. 
Empirical studies in human

society show that humans prefer fair
outcome,3 even though the
ultimatum bargaining game theory
predicts a rational outcome. Neural
basis behind this fair behavior is

related to enhanced activity in the
medial prefrontal cortex (MPFC),
dorsolateral PFC, medial
orbitofrontal cortex, posterior
parietal cortex, and striatum, which
are involved in the reward system of
the brain and with the theory of
mind.5

In our study, the patients with
polydipsic schizophrenia finally
refused the proposal of 8.0 percent
of the total amount of water, which
is considerably lower than the 30
percent that about half of all real-
world responders would reject. Our
patients with polydipsic
schizophrenia seemed more
motivated by the concept of reward
than to a feeling of fairness, and thus
seemed to act more rationally in the
Ultimatum Game than other groups
of responders. These results may not
be related to the disease of the
schizophrenia, however, because
patients with nonpolydipsic
schizophrenia showed no difference
in rejection rates compared to
healthy controls when acting as
responders in previous research
using the Ultimatum Game.6

Acute water intoxication can
result in hyponatraemia, causing
structural and functional
abnormalities of the brain, including
damage to neural circuits that
regulate the reciprocal fairness
feeling.7 Due to the damage water
intoxification can cause to the parts
of the brain that control feelings of
fairness, polydipic behavior in some
patients with schizophrenia may be
repeated, and this repeated
polydipsic behavior may then cause
further damage to these neural
circuits.
The limitations of this study

include the very small sample size
and lack of neuroimaging data.
Larger studies with functional
magnetic resonance imaging (fMRI)
or near infra-red spectoroscopy
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(NIRS) are needed to better
understand how feelings of
reciprocal fairness and reward affect
patients with polydipsic
schizophrenia so that polydipsic
behavior can be better controlled in
this patient population.
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